The pre-harvest application of herbicides may impair seed quality. This way, this paper was conducted to evaluate the effects of the application of desiccant herbicides on the physiological quality of pigeonpea seeds. Six batches of seeds from plants desiccated with glyphosate were evaluated at doses: 1.125 (B1), 1.5 (B2) and 1.875 L·ha −1 (B3); and Gramocil (20% Paraquat + 10% Diurom) at doses: 1.5 (B4) and 2 L·ha −1 (B5), and a control which received no application (B6). Seed viability was assessed through the germination standard test, and vigor through the first germination count, accelerated aging, electrical conductivity, seedling length, seedling dry matter and biomass density tests. The experimental design was the completely randomized, with four replications. Data were submitted to variance analysis, and when significant effects were observed, the ScottKnott test was carried out at 5% probability using the SISVAR 5.1 software. The results showed that: a) the application of 1.875 L·ha −1 of glyphosate was harmful to pigeonpea seed viability and vigor, evaluated through the accelerated aging test; b) applications of glyphosate in a 1.875 L·ha −1 dose and Gramocil in 2 L·ha −1 resulted in low vigor according to the electrical conductivity test of seeds; and c) the seed vigor measured by the first count, seedling length, seedling dry matter and biomass density test was not influenced by the type of desiccant applied.
Introduction
The Cajanus cajan species is one of the most important grains, ranking fifth in importance among edible food legumes, showing good protein production under low soil fertility and low rainfall conditions [1] , standing out as a source of human food and fodder, being one of the most used for green fertilization (manure-based), and for having the ability to fix nitrogen up to 135 kg·ha −1 [2] . There is an average worldwide annual production of 3.43 million tons in an area of 4,640,000 ha in tropics and subtropics regions of the world [3] .
The bean grain is rich in starch, protein, calcium, manganese, crude fiber, lipids and minerals. In addition to its high nutritional value, the pigeonpea is also used as traditional popular medicine in India, China, the Philippines and other countries [4] . Its proteins have hiugh concentration of lysine, allowing its use as a complement to cereal proteins.
The cultivars suitable for grain production are within the pigeon var. flavus (DC.) group, which includes small plants, early seed production, yellow flowers and green pods with two to three seeds [5] . In seed production, pigeonpea is characterized by uneven ripening of the pods, harvest being recommended when the plants present a good percentage of mature pods [6] . This way, the first ripe pods have longer exposure to climatic variations and unripe pods are harvested with a high humidity percentage.
The main problems observed in seed production are related to deterioration caused by humidity and those originating from integumentary injuries [7] , as a result of expansion and contraction caused by wetting and drying cycles, which increases frailty, reduces seed protection and impairs its development [8] . According to literature, if the harvest is accomplished late, natural degradation, grain breaking in the track system and great losses can occur if this period coincides with the rainy season [9] . Therefore, technologies that enable both uniform and early harvesting become essential for seed production. It is important to mention the alternative use of preharvest desiccants, a practice aimed mostly at anticipating and planning the harvest, reducing weeds and ensuring high quality of the harvested product [10] .
Several results have been obtained with the use of desiccants in terms of reducing humidity levels and preserving seed quality in various crops: [11] noted that the carfentrazone-ethyl herbicide impaired the quality of bean seeds after 80 days of storage; [12] , while studying bean drying with glufosinate ammonium, also found negative effects on the quality of produced seeds; [13] , found that the pre-harvest drying of soybean plant seeds with glyphosate caused a reduction in seed germination and in initial seedling development.
As to pigeonpea, studies addressing the influence of desiccant herbicides on seed production are still scarce. That being said, the objective of this study was to evaluate the influence of desiccant herbicides on the physiological quality of pigeonpea seeds.
Material and Methods

General Information
The seeds used in this study came from the pigeonpea seed production of IAPAR-43 cultivar (Aratã), early maturing, suitable for human and animal consumption, produced in the 2012/2013 harvest, at the EMATER-GO experimental unit, Anápolis, GO, Brazil, 48˚18'23''W longitude and 16˚19'44''S latitude, at 1.017-m-high. The climate, according to Köppen classification, is the type AW tropical humid, characterized by dry winter and rainy summer, with average annual rainfall between 1200 and 1800 mm, and temperatures ranging from 20˚C to 30˚C.
Samples of soil classified as dystrophic red-yellow latosol in the 0 -20 cm layer were collected and chemical-physical analysis, with the following results: pH (H 2 O)-6.4; P (Mehlich)-5.6 mg·kg 
Experimental Design and Treatments
During the pre-harvest, the seed batches used in the study were defined according to the applied doses of the following desiccant herbicides: Paraquat Table 1 lists the applied doses and the batch identifications.
Trait Measurements
The evaluation of the physiological quality of the pigeonpea seeds was carried out through the following tests: Standard Germination Test (SGT): consisted of four replications with 50 seeds distributed onto two sheets of germitest paper covered by a third sheet, previously wetted at a 2.5 by 1 ratio (mL of distilled water by the dry paper weight in grams). Then, rolls were made with the sheets of paper containing the seeds and placed in a sprouting chamber at a controlled temperature of 25˚C ± 1˚C. On the tenth day the rolls were opened for percentage counting of normal seedlings according to the Seed Testing Rules (STR) [14] .
Germination first count (FC): was performed along with SGT on the fourth day after the test setup, recording the percentage of normal seedlings obtained and evaluating their vigor [14] .
Accelerated Aging (AA): gerboxes (11 × 11 × 3 cm) were used containing 40 mL of distilled water and 42 g of pigeonpea seeds distributed in a single uniform layer onto the screen that isolates them from water. The capped boxes were placed in a BOD chamber at 41˚C ± 1˚C for 48 hours [15] After this period the SGT was carried out through four replications with 50 seeds, according to the procedures described in the STR [14] . On the fourth day, the normal seedlings were counted.
Electrical conductivity (EC): in order to evaluate the strength of the pigeonpea seeds through the electrical conductivity test, four replications were carried out with 50 seeds that were weighed at a 0.01 g precision and soaked in 200 mL plastic cups containing 75 mL of deionized water for 24 hours at 25˚C ± 1˚C [16] . Next, the conductivity was read with a DIGIMED CD-21 conductivimeter, and the results expressed in µS·cm
Seedling length (SL): in order to measure vigor through the length test, the procedures described by [16] were applied. Four replications with 10 pigeonpea seeds were accomplished. A lengthwise line was drawn in the top third part of the germitest paper. The sheets of paper were previously moistened to the same ratio described in the SGT. The rolls were prepared and placed vertically in the sprouting chamber for four days at 25˚C ± 1˚C. After that period, the normal sprouted seedlings were rule-measured. The average seedling length values were expressed in centimeters.
Seedling dry mass (DM): After obtaining the seedling lengths, cotyledons were removed and hypocotyls were separated from rootlets. The hypocotyls and radicles were placed in separate paper bags, which were kept in a greenhouse under the temperature of 80˚C ± 3˚C 24 h −1
. At the end of this period the seedlings dry mass weight was recorded in mg. The results were expressed in average weight, that is, the dry mass weight divided by the number of seedlings placed in the paper bag for drying [16] .
Biomass density (BD): additionally, the dry biomass weight per seedling centimeter, that is, the biomass density was evaluated. In order to obtain the values of this variable, expressed in milligrams per seedling centimeter (mg·cm −1 ), the equation 1 was used. This value was obtained from mass and length measurements of each seedling in the batch [17] :
where: 
Data Analysis
The data obtained were submitted to variance analysis and "F" test, and the values derived from the SGT, 1st germination count and accelerated aging were transformed into sin arc ( ) x 100 , since they are percentage values. In cases where the "F" test produced significant results at 5% probability, the Scott-Knott test was carried out also at 5% of significance. Analyses were carried out using SISVAR 5.1 software [18] .
Results and Discussion
After completion of the variance analysis of the average values derived from the Standard Germination Test (SGT), First Count (FC), Accelerated Aging (AA), Electrical Conductivity (EC), Seedling Length (SL), Dry Mass (DM) and Biomass Density (BD), it was observed that the desiccant applied had significant influence on SGT, AA, and EC values ( Table 2) . ) compared to the other applications and the non-application of desiccant. The same is observed by [19] , in testing with application of desiccants at different times in the pea crop, when it was noticed that by the time of the first and second application the smallest germination values were obtained when glyphosate was used in any of the doses used. [12] observed that paraquat and paraquat + diuron do not affect germination in any application time for the bean crop, supporting the findings of this study. Paraquat is a contact herbicide that acts directly on the plant photosynthetic system, causing significant toxicity and tissue death shortly after application [20] , so the Average values followed by the same letter in the row do not differ from each other by the Scott-Knott at 5% probability. SGT-Standard germination test; FC-First count; AA-Accelerated aging; EC-Electrical conductivity; SL-Seedling length; DM-Dry mass and BD-Biomass density. B1-Gramocil ® 1. translocation of the product to the interior of the seeds is limited. In turn, herbicides that have easier translocation than contact ones can cause further damage to the seeds, especially in phonological stages before harvesting time [21] [22]. According to [23] , glyphosate is a systemic-action herbicide that rapidly translocates when applied to the leaves and pods. But according to [24] , negative effects are not expected on seed quality with glyphosate desiccation at the physiological maturity stage, since the translocation of photo-assimilates from the plant to the seed is almost nil. However, [13] obtained negative results in the germination of soybean after aging, under glyphosate dissection test, justified as occurrence of local absorption of the glyphosate sprayed onto the pods, besides further degradation of molecules and formation of secondary metabolites.
Although some difference of up to 19.5% occurred in the first count between treatments, there was no significant difference between the averages of this variable. The non-application of desiccant and applications in B3 (Round Up-1.25 L·ha −1 ), B1 (Gramocil-1. ) resulted in the lowest average AA value (69.5%). According to [21] , in soybean desiccation test, weakening was observed in germination power and seedling vigor, using glyphosate and glufosinate ammonium herbicides.
Corroborating [19] , the treatment with glyphosate has been shown to be harmful, resulting in the lowest vigor values. The same authors also found that the most dramatic effect on seeds occurred when desiccation was carried out with a greater dose of glyphosate (1.140 g i.a. ha −1 ). In desiccation with glyphosate, negative effect is observed on the pigeonpea seed germination when they are submitted to accelerated aging, showing that an increase in the product dosage causes a reduction in aging values. [13] concluded that glyphosate desiccation of soybean in pre-harvest reduces seed germination and early seedling development. These authors also found that paraquat desiccation showed the lowest percentage of abnormal seedlings than treatments with glyphosate and glufosinate ammonium.
The seed quality evaluated by EC testing is inversely proportional to the obtained values, i.e. the higher the EC value, the more poorly structured the membranes are, reducing their physiological quality. Thus, it can be considered that in B5 (Round Up-1.875 L·ha , respectively. [25] , in a study of seeds and conductivity observed better results in germination and vigor with electrical conductivity below 60 μS·cm −1 ·g −1 , as with this study, where lower germination and vigor were found with higher doses of glyphosate (B5). [26] observed that paraquat desiccation of soybean in phonological stage at R6.0, R7.1 and R7.2 showed the highest electrical conductivity values.
Although no significant influence was detected, SL ranged from 7.8 -9.3 cm; DM ranged from 7.1 -7.8 mg·plant −1 ; and BD ranged from 0.85 -0.97 mg·plant −1 ·cm −1 for all treatments studied. Non-significant results for seedling length support those obtained by [27] , with bean seeds at different stages of desiccation. [28] [29] achieved the same result for radicle length at the different soybean desiccation stages studied.
In relation to seedling dry mass, the non-occurrence of differences between the control is quite interesting to the study because, according to [16] , this method allows for precision evaluation of the transfer of dry mass from reserve tissues to the embryo, and more vigorous batches are those with the highest seedling dry mass (seedling −1 ·mg).
Conclusions
The application of Round Up-1.875 L·ha −1 was harmful to the viability and accelerated aging of pigeonpea seeds.
The applications of Round Up-1.875 L·ha −1 and Gramocil-2.0 L·ha −1 resulted in higher values for pigeonpea seed electrical conductivity.
The vigor of pigeonpea seeds as measured by the first count, seedling length, seedling dry mass and biomass density tests was not affected by the type of desiccant applied during production.
